The target controlled infusion (TCI) of propofol with fentanyl facilitates easy titration of the depth of anesthesia, and thereby may improve the quality of anesthesia. The aim of this study is to investigate if propofol TCI-based anesthesia is practical for anterior cervical discectomy and fusion (ACDF), one of the most common surgical interventions in spine procedures, when compared with sevoflurane-based anesthesia with respect to the quality of anesthesia. Patients were classified into two groups according to the anesthesia regimen of maintenance of anesthesia with fentanyl and either propofol TCI (group FP) or inhalational sevoflurane (group FS), respectively. The primary endpoint was to evaluate quality of anesthesia and extubation time. Secondary endpoints were hemodynamic stability during the operation, operative fentanyl consumption, and postoperative complications. The study results revealed there were comparable results on time to extubation, changes in intraoperative hemodynamic parameters, and the occurrence of postoperative complications between the groups. No differences in average length of intensive care unit (ICU) stay and hospital stay were noticed. However, opioid consumption and blood loss during the operation for patients in group FP were significantly higher than those of patients in group FS (551.28 AE 193.98 vs. 446.86 AE 177.15 mg, p Z 0.005; 52.06 AE 58.25 vs. 28.33 AE 40.74 mL, p Z 0.019, respectively). In these adult patients undergoing ACDF, propofol TCI-based anesthesia appears to be as efficacious as sevoflurane-based anesthesia but consumed more fentanyl and experienced higher blood loss.
Introduction
Anterior discectomy with or without fusion is the most common surgical intervention performed by spine surgeons for degenerative cervical spondylosis. When surgery is indicated, the choice of operative approaches including anterior, posterior, and combined procedures becomes a significant part in the optimal management of the disease [1] . Anterior cervical discectomy and fusion (ACDF) procedures then become one of the most common procedures performed in spinal surgery [2] .
Including three components such as muscle relaxation, unconsciousness, and analgesia, general anesthesia introduces lack of response and recall to noxious stimuli [3] . As well as obtaining a rapid and safe level of depth of anesthesia during the induction phase, the anesthesiologist is also concerned with providing a comfortable and precise return to consciousness after surgery [4] . The type of surgery and patient variability are key factors for an anesthesiologist to consider when choosing anesthetic agents and/or changing drug dosage during the maintenance of anesthesia [5] .
Because of its low blood-gas partition coefficient, sevoflurane is able to facilitate rapid emergence from anesthesia and is thus used in a wide range of clinical practices [6, 7] . However, emergence agitation and excitatory behavior are frequently seen when sevoflurane is offered to pediatric patients [7e9] . Whether this might entail risks of unexpected events for the adult patients receiving cervical spine surgery and further disturb subsequent postoperative neurological examinations remains unknown. Besides, several studies suggest that postoperative agitation and restlessness are mainly caused by pain, i.e., inadequate pain relief during the emergence period, and that the concomitant use of an opioid provides smoother anesthetic management [6, 10, 11] .
The target controlled infusion (TCI) system was recently introduced in clinical practices in Taiwan. Total intravenous anesthesia (TIVA) with fentanyl combined with TCI of propofol facilitates easy titration of depth of anesthesia and has therefore become an attractive alternative anesthesia regimen, which might improve the quality of emergence from anesthesia in Western patients [6, 12] . Interindividual variability in pain perception is believed to exist because of genetic polymorphism [13] . Whether TIVA with TCI is well adopted in the southern Taiwanese population is of interest.
The present study was designed to investigate if propofol TCI-based anesthesia was practical for ACDF when compared with sevoflurane-based anesthesia with respect to the quality of anesthesia in a medical center in southern Taiwan.
Methods
All adult patients aged 23e75 years who underwent ACDF in the Neuroscience Center at Kaohsiung Medical University Hospital from January 2009 to December 2011 were enrolled in the study and data were collected and then reviewed retrospectively. The Institutional Review Board approved the study (KMUH-IRB-990271). Patients were excluded based on C1e2 involvement, trauma, neoplasia, or previous cervical fusion and then further classified into two groups according to the anesthesia regimen they received: (i) maintenance of anesthesia with fentanyl (Glaxosmithkline Manufacturing S.P.A., Verrona, Italy) and propofol (B.Braun Melsungen AG, Melsungen, Germany) TCI (group FP); and (ii) maintenance of anesthesia with fentanyl and inhalational sevoflurane (group FS). A dedicated anesthesia team for neurosurgery decided on the procedure for maintenance of anesthesia on the operation day.
Information regarding age, sex, medical comorbidities, history of preoperative medicine, history of smoking, body mass index (BMI), and surgical details were collected, and routine blood workup, including blood cell count, prothrombin and partial thromboplastin times, and international normalized ratio, were routinely obtained. International Classification of Diseases-9 (ICD-9) diagnosis codes were used to generate a Charlson comorbidity index (graded 0 or ! 1; categorical variables) for each patient. For patients assigned to group FP, patients were induced with propofol 5 mg/mL (effect site of concentration, Ce value) using a TCI pump (EP-1809-1; Fresenius Kabi, Bad Homburg, Germany) and fentanyl 2 mg/kg. The Ce value was continuously monitored during induction, intubation, and operation for adequate maintenance of anesthesia depth. To facilitate intubation, rocuronium 0.6 mg/kg was offered. After successful intubation, propofol TCI was titrated to 1.5e5.0 mg/mL according to the level of unconsciousness, and fentanyl 1e3 mg/kg infusion was maintained with intermittent fentanyl 50 mg boluses offered according to changes in heart rate or blood pressure over 20% from baseline by surgical stimuli. In addition, rocuronium 0.3 mg/kg/h were continuously offered. Patients assigned to group FS were induced with fentanyl 2 mg/kg and thiamylal 5 mg/kg, and rocuronium 0.6 mg/kg was also offered to facilitate intubation. Following successful intubation, fentanyl 1e3 mg/kg infusion was maintained with intermittent fentanyl 50 mg boluses offered according to changes in heart rate or blood pressure over 20% from baseline by surgical stimuli. In addition, rocuronium 0.3 mg/kg/h were continuously offered. Anesthesia was maintained with inhaled sevoflurane (Ultane; Abbott Laboratories, Chicago, IL, USA) at 1.5e2.0 minimum alveolar concentration (MAC) end-tidal.
Standard cardiovascular and respiratory monitoring included continuous electrocardiography (ECG), pulse oximetry, end-tidal CO 2 , and intermittent (2.5-minute interval) noninvasive blood pressure measurement. The anesthetic depth was titrated mainly with blood pressure and heart rate according to the anesthesia protocol. Immediately after the completion of surgery, i.e., completion of dressing of the surgical field, all agents for balanced anesthesia were discontinued and patients were then transferred to the intensive care unit (ICU) for further observation and care. Ventilation was assisted until the recovery of spontaneous breathing, and patients were then extubated when all seven of the following criteria were met: (1) regular breathing without retraction; (2) respiratory rate > 8 breaths/min and end-tidal CO 2 < 45 mmHg;
(3) oxygen saturation (SaO 2 ) > 95% with fraction of inspired oxygen (FiO 2 ) of 100%; (4) swallowing reflex present on clinical assessment; (5) esophageal temperature between 36 C and 37 C; (6) hemodynamic stability ( 15 mmHg change in blood pressure from baseline); and (7) patient cooperative, oriented, able to respond to commands. The time to extubation, defined as the duration between the completion of dressing of the surgical field and tracheal extubation, was recorded. Postoperative nausea and vomiting (PONV) was treated with metoclopramide as needed. The primary endpoint was the time to extubation. Secondary endpoints were hemodynamic stability, operative fentanyl consumption, and postoperative complications.
Statistical analyses for the study were performed using SPSS 12.0 for Windows (SPSS Inc., Chicago, IL, USA). Demographic and clinical data were analyzed using the Student t test or Pearson c 2 test as appropriate. KaplaneMeier curves for complications were constructed, and a log-rank test was used to compare the differences between groups. Data for patients who experienced complications during ICU stay after surgical procedure were censored. Two-sided tests were used for all analyses. A p value of less than 0.05 was considered statistically significant.
Results
During a period of 36 months, 114 patients who suffered from degenerative cervical spondylosis and underwent ACDF were included in the study. Among them, 13 patients met various exclusion criteria and therefore were excluded, two because of C1e2 involvement, six for trauma, one for neoplasia, and four for previous cervical fusion. As a result, 101 patients were evaluated (50 in the propofol TCI group and 51 in the inhalational sevoflurane group). No significant differences in any demographic characteristics between groups were found ( Table 1) .
The preliminary results of analyses of the study were shown in Table 2 , which demonstrated that no differences of anesthesia time, operation time, time to extubation, intubation period, and the occurrence of postoperative complications were found. Change in mean blood pressure (both systolic and diastolic) and heart rate during anesthesia were similar in the two groups. No differences of both average length of ICU stay and hospital stay were noticed. However, opioid consumption and blood loss during operation for patients in group FP were significantly higher than those of patients in group FS (551.28 AE 193.98 vs. 446.86 AE 177.15 mg, p Z 0.005; 52.06 AE 58.25 vs. 28.33 AE 40.74 mL, p Z 0.019, respectively).
Rates of episodes of acute complications that included mild sore throat, PONV, and mild dizziness were similar between groups (group FP 34.0% vs. group FS 47.1%, Values are mean AE SD, unless otherwise specified. ALT Z alanine transaminase; ASA Z American Society of Anesthesiologists; AST Z aspartate aminotransferase; FP Z maintenance of anesthesia with fentanyl and propofol TCI; FS Z maintenance of anesthesia with fentanyl and inhalational sevoflurane; SD Z standard deviation; TCI Z target controlled infusion. p Z 0.225). KaplaneMeier analysis was further used to discover if the complication was related to time to extubation. No significant difference between the curves for acute complications in the two groups was found ( Fig. 1 ; p Z 0.146, log-rank test). There were no hematomas, airway complications, or deaths. No blood transfusions were needed.
Discussion
An ideal anesthetic regimen for cervical spine surgery would provide a smooth emergence without hazardous coughing or bucking in terms of neck stabilization and quick recovery time, which allows immediate neurologic assessment and early detection of potential postoperative complications to exclude surgical failure [6, 13, 14] . The study was designed with the focus on the emergence period from different anesthesia regimens; our aim was to describe the profile in ACDF that facilitates rapid neurological examination to exclude surgical failure or potentially dangerous hematoma formation. In patients receiving elective ACDF in this study, maintenance of anesthesia with fentanyl and propofol TCI according to a predetermined algorithm based on hemodynamic data was not associated with a later time to extubation compared with maintenance of anesthesia with fentanyl and inhalational sevoflurane. A difference in time to extubation would have clinical relevance only if it is associated with differences in patient outcomes or resource utilization [14] . However, later time to extubation was not associated with any endpoint of patient outcomes or resource utilization in our study. Total opioid consumption during operation for patients with maintenance of anesthesia with fentanyl and propofol TCI were significantly higher. It is possible that the time to extubation might not be influenced by the amount of propofol offered or by fentanyl, although Djian et al [15] found that the time to extubation is influenced more by the amount of propofol administered than the opioid. It is also possible that more fentanyl has to be provided to ensure an adequate state of analgesia for operation in patients with maintenance of anesthesia with fentanyl and propofol TCI because mean systolic (diastolic) blood pressure and mean heart rate were similar in the groups at all times after blinded adjustment of the infusion rate of fentanyl based on hemodynamic parameters to keep appropriate anesthesia depth. In other words, maintenance of anesthesia with fentanyl and inhalational sevoflurane reduces opioid requirements.
Blood loss during the operation for patients with maintenance of anesthesia with fentanyl and propofol TCI was also significantly higher. However, the blood loss in the study groups was not associated with longer length of observational ICU stay or hospital stay. The causative relationship of blood loss and treatment outcomes was infrequently discussed in the previous studies [15] . No patient in the study required emergent reintervention during the ICU or hospital stay after surgery.
The incidence of complications was insignificantly different in the two study groups (p Z 0.225). The incidence of PONV was insignificantly different in the two groups (14.0% vs. 21.6%, p Z 0.437), in which the low incidence of PONV for patients with maintenance of anesthesia with fentanyl and propofol TCI was in accordance with previous reports [14] . Intraoperative opioid administration is believed to be a strong possible causative factor for PONV [7] . Patients with maintenance of anesthesia with fentanyl and propofol TCI in the study required significantly more fentanyl, however, the incidence of PONV in the group remained low. This might be related to the use of propofol, which is known to possess antiemetic properties [16, 17] . Nevertheless, comments on adverse events were not consistent.
Our study had some limitations. First, data were retrospectively collected without a proper prospective randomized design. Second, anesthetic depth was titrated mainly with blood pressure and heart rate according to the anesthesia protocol; however, the bispectral index (BIS) is one of several technologies used most frequently to monitor depth of anesthesia. Third, data were collected from a single department (the Neuroscience Center). However, ACDF is performed in the Orthopedics Department as well. Bias might occur through a single-department retrospective study design and thus limit its generalizability. A large, prospective randomized study is warranted to determine factors impacting patient outcomes and resource utilization of patients receiving similar regimens of maintenance of anesthesia for ACDF.
In conclusion, in these adult patients undergoing ACDF, propofol TCI-based anesthesia appears to be as efficacious as sevoflurane-based anesthesia but consumed more fentanyl and experienced higher blood loss.
